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(54) Motor controller 

(57) The invention relates to an inexpensive and 
highly precise motor controller, it is structured so as to 
detect the position of the rotor on the basis of the differ- 



ence between the real current differential vector and the 
reference current differential vector, thereby control the 
motor (1 ) without using a rotation position sensor. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a motor controller. 

[0002] To control the speed and torque of a synchronous motor, it is necessary to detect or infer the pole position. 
By executing current control or voltage control on the basis of the detected pole position, the speed and torque of a 
synchronous motor can be controlled. 

[0003] In recent years, a pole position sensorless control system for controlling a synchronous motor without detect- 

io ing the pole position of the synchronous motor by a position sensor is proposed. 

[0004] For example, the first control method described in Japanese Application Patent Laid-Open Publication No. 
Hei 07-245981 and Electric Society, Industry Application Department, National Convention No. 1 70 in the 8th years of 
Heisei is a method for applying an alternating voltage and inferring the pole position on the basis of the parallel com- 
ponent and orthogonal component (current component in the rotatory coordinate system) of the motor current for the 

15 voltage and the position of the magnetic pole can be detected without using a pole position sensor during stopping or 
at a low speed. 

[0005] Further, the second method for superimposing an additional voltage described in Japanese Application Patent 
Laid-Open Publication No. Hei 11-150983 and Japanese Application Patent Laid-Open Publication No. Hei 11-69884 
is a method for realizing no-use of a pole position sensor within the range from low load to high load during stopping 

20 or at a low speed by adding an applied voltage so as to prevent magnetic saturation even in the high torque region, 
[0006] Further, the third control method described in Japanese Application Patent Laid-Open Publication No. Hei 
08-205578 is a method for detecting the saliency of a synchronous motor from the mutual relation between the vector 
of a voltage applied to the synchronous motor by the pulse width control (PWM control) and the ripple component 
, (current difference vector) of the motor current for it. The third method uses a general PWM signal for controlling the 

25 voltage of the synchronous motor, so that there is an advantage that there is no need to load an additional signal for 
detection. 

[0007] Further, the voltage vector means a voltage having the magnitude and direction decided from a three-phase 
voltage or d-axis and q-axis voltages. The same may be said with the current vector and hereinafter, each phase 
voltage as an element or the d-axis and q-axis voltages and the voltage vector as a sum total will be explained appro- 

30 priately. Further, for the synchronous motor, the pole position of the rotor is to be detected, so that the pole position 
will be explained hereunder. For a reluctance motor, the specific position of a rotor having saliency is detected. 
[0008] Further, a control method for detecting the pole position of a rotor in the same way as with the aforementioned 
method on the basis of the difference in inductance between the q axis and the q axis using the magnetic saturation 
characteristic of an induction motor is proposed. 

35 [0009] Therefore, when the aforementioned is to be described together, the pole position and the specific position 
of the reluctance motor will be referred to as a rotor position. 

SUMMARY OF THE INVENTION 

40 [0010] In the first control method mentioned above, to detect the pole position by driving the motor, it is necessary 
to extract a current having the same frequency component as that of the detection alternating voltage by a band pass 
filter such as a notch filter and Fourier integration. Particularly, when the number of revolutions of the motor is increased, 
the separation between the input frequency of the motor and the frequency of the detection alternating voltage is difficult 
and a problem arises that stable driving control at high speed rotation is difficult. Further, it is necessary to consider 

45 so as to prevent effect by the switching characteristic of the invertor. Namely, the carrier-frequency of the PWM signal 
is several kHz to 20 kHz, while the frequency of the detection alternating voltage is low such as several hundreds Hz, 
so that during driving control for the motor, noise of several hundreds Hz may be generated. 

[0011] Further, the second control method mentioned above is intended to improve the characteristics for drive- 
controlling the motor in a stop state or a low-speed rotation state, and the relation between the current detection timing 
so which is important for drive-controlling the motor at high-speed rotation and the PWM signal is not taken into account, 
and highly accurate position detection is not taken into account. 

[0012] Further, the third control method mentioned above requires, to realize it, to detect the mutual relation between 
the condition of the motor current and the applied voltage every changing of the PWM signal. Namely, for one period 
of the carrier, it is necessary to detect the motor current condition at least 6 times and confirm the applied voltage 
55 condition, so that a problem arises that a highly precise controller must be used. 

[0013] An object of the present invention is to propose an inexpensive and highly precise motor-controller. 

[0014] Another object of the present invention is to propose a motor controller for controlling an AC motor with high 

precision by suppressing an increase in motor loss within the wide range from stop state to high-speed rotation state 
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using one current detector. 

[0015] Still another object of the present invention is to propose a motor controller for detecting the rotor position of 
an AC motor without applying a detection voltage to the AC motor. 

[0016] The present invention has an AC motor, a power converter for applying a voltage to the AC motor by a PWM 
s signal generated by comparing a command value with a carrier, and a controller for detecting the rotor position of the 
AC motor and controlling the command value and is characterized in that the position of the rotor is detected on the 
basis of the difference between the real current differential vector and the reference current differential vector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0017] 

Fig. 1 is a block diagram of a motor control system of the first embodiment of the present invention. 
Fig. 2 is a time chart showing the relation between the voltage of each phase, PWM signal, andcarrier synchronizing 
is signal when the detection voltage in the first embodiment shown in Fig. 1 is applied. 

Fig. 3 is a low chart of the process executed by the detection calculation unit in the first embodiment shown in Fig. 1 . 
Fig. 4 is a block diagram showing the relation between input and output of the reference current differential calcu- 
lation unit in the first embodiment shown in Fig. 1 . 

Fig. 5 is a vector diagram showing the condition of the detection voltage vector and current differential vector in 
20 the first embodiment shown in Fig. 1 . 

Fig. 6 is a vector diagram showing the condition of the detection voltage vector and current differential vector in 
the first embodiment shown in Fig. 1 . 

Fig. 7 is a vector diagram showing the condition of the detection voltage vector and current differential vector in 
the first embodiment shown in Fig. 1 . 
25 Fig. 8 is a block diagram of a motor control system showing the second embodiment of the present invention. 

Fig. 9 is a flow chart of the process executed by the detection calculation unit in the second embodiment shown 
in Fig. 8. 

Fig. 1 0 is a flow chart of the current sensor error detection process executed by the current sensor error detection 
unit in the second embodiment shown in Fig. 8. 
30 Fig. 11 is a block diagram of a motor control system showing the third embodiment of the present invention. 

Fig. 12 is a block diagram of a motor control system showing the fourth embodiment of the present invention. 
Fig. 13 is a time chart showing the relation between the voltage of each phase, PWM signal, and carrier synchro- 
nizing signal in the fourth embodiment shown in Fig. 12. 

Fig. 14 is a time chart and Lissajous waveform diagram showing the relation between the sine wave voltage of 
35 each phase and the voltage difference vector in the fourth embodiment shown in Fig. 12. 

Fig. 15 is a function block diagram of the voltage setting unit in the fourth embodiment shown in Fig. 12. 
Fig. 16 is a flow chart of the process executed by the h-axis current differential calculation unit in the fourth em- 
bodiment shown in Fig. 12. 

Fig. 17 is a vector diagram showing the relation between the control voltage vector, voltage difference vector and 
40 current differential vector in the fourth embodiment shown in Fig. 12. 

Fig. 18 is a time chart and Lissajous waveform diagram showing the relation between the sine wave voltage of 
each phase and the voltage difference vector in the fourth embodiment shown in Fig. 12. 

Fig. 19 is a vector diagram showing the relation between the control voltage vector, voltage difference vector and 

current differential vector in the fourth embodiment shown in Fig. 12. 
45 Fig. 20 is a block diagram of a motor control system showing the fifth embodiment of the present invention. 

Fig. 21 is a flow chart of the process executed by the mode decision unit in the fifth embodiment shown in Fig. 20. 

Fig. 22 is a function block diagram of the voltage setting unit in the fifth embodiment shown in Fig. 20. 

Fig. 23 is a time chart and Lissajous waveform diagram showing the relation between the sine wave voltage of 

each phase and the voltage difference vector in the fifth embodiment shown in Fig. 20. 
50 Fig. 24 is a time chart and Lissajous waveform diagram showing the relation between the sine wave voltage of 

each phase and the voltage difference vector in the fifth embodiment shown in Fig. 20. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 [0018] The first embodiment of the present invention will be explained with reference to Fig. 1 . The embodiment is 
structured so as to control a synchronous motor having so-called reverse saliency that the d-axis inductance Ld is 
smaller than the q-axis inductance Lq without using a position sensor. 

[0019] Fig. 1 is a block diagram of a motor control system for driving a synchronous motor 1 which is the first em- 
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bodiment by the DC energy of a battery 2. 

[0020] The DC voltage of the battery 2 is converted to a three-phase AC voltage by an inverter 3 which is a power 
converter and applied to the synchronous motor 1 which is an AC motor. The applied voltage is decided by performing 
the following calculation by a controller 4 which is a controller composed of a microcomputer. 

5 [0021] The controller 4 calculates the difference of the speed command value or input from a speed command 
generation unit 6 from the detected motor speed u> and performs speed control calculations at a speed controller 7 on 
the basis of the difference. The speed controller 7 outputs control voltages Vuc, Vvc, and Vwc of each phase on the 
basis of the speed control calculation results. The controller 4 adds detection voltages Vus, Vvs, and Vws of each 
phase, which will be described later, respectively to these control voltages Vuc : Vvc, and Vwc, generates voltage 

10 command values Vur, Vvr, and Vwr of each phase, and inputs them to a PWM signal generation unit 8. 

[0022] The PWM signal generation unit 8 generates PWM signals Pu, Pv, and Pw of each phase corresponding to 
the voltage command values Vur, Vvr, and Vwr of each phase and supplies them to the inverter 3 and the inverter 3 
generates output voltages corresponding to the PWM signals Pu, Pv, and Pw and applies them to the synchronous 
motor 1 . 

is [0023] Fig. 2 shows the relation between the voltage command values Vur, Vvr, and Vwr of each phase and the PWM 
signals Pu, Pv : and Pw.The PWM signal generation unit 8 compares the carrier of triangular waveform and the voltage 
command values Vur, Vvr, and Vwr, thereby generates the PWM signals Pu, Pv; and Pw. 

[0024] The PWM signal generation unit 8 internally fetches and sets the voltage command values Vur, Vvr, and Vwr 
of each phase at the point of time (times t1 , t3, t5, — ) when the carrier takes the maximum value, compares them with 

20 the carrier, and generates the PWM signals Pu, Pv, and Pw. 

[0025] The waveform when the voltage command values Vur, Vvr and Vwr (= the control voltages Vuc, Vvc, and 
Vwc) to which the detection voltages Vus, Vvs, and Vws are not added are fetched is as shown in Fig. 2(a). 
[0026] On the other hand, when the detection voltages Vus, Vvs, and Vws are added (applied to the synchronous 
motor 1 ), the PWM signal generation unit 8 sets the positive and negative detection voltages Vus, Vvs, and Vws every 

25 a half period (times t1 , t2, t3, •--) of the carrier so as to obtain the waveform shown in Fig. 2<b). Namely, in the section 
1 shown in Fig. 2(b), the PWM signal generation unit 8 adds (applies) the detection voltages Vus, Vvs, and Vws so as 
to set the detection voltage vector in the detection voltage direction 8v which will be described later. Further, in the 
section 2 shown in Fig. 2(b), the PWM signal generation unit 8 adds the detection voltages Vus, Vvs, and Vws so as 
to apply the detection voltage vector in the opposite direction (in the direction different by 1 80 degrees) to the detection 

30 voltage direction. 

[0027] Fig. 3 is a flow chart showing the process to be executed by a detection voltage calculation unit 1 0 to realize it. 
Step 101 

35 [0028] The detection voltage direction Gv is obtained by calculation of 2Gc/2. The reason for the voltage direction will 
be described later by referring to Figs. 5 to 7. 

Step 102 

40 [0029] The voltage application timing is judged and the process is branched. Namely, as shown in Fig. 2, when the 
times t1 , t3, — are judged as a point of time when the carrier reaches the maximum value, the process is branched to 
Step 103 and when the times t2, t4, — are judged as a point of time when the carrier reaches the minimum value, the 
process is branched to Step 104. 

45 Step 103 

[0030] To set the vector Vs of detection voltage applied to the synchronous motor 1 in the section 1 in the detection 
voltage directionGv (positive direction), the detection voltages Vus, Vvs, and Vws of^ach phase are calculated. 

so Step 104 



[0031] To set the vector Vs of detection voltage applied to the synchronous motor 1 in the section 2 in the detection 
voltage direction 0v (negative direction, that is, direction of Gv + n), the detection voltages Vus, Vvs, and Vws of each 
phase are calculated. 

55 [0032] In Fig. 3, VsO for deciding the magnitude of the detection voltage vector Vs is set to 1/2, thus the voltage of 
each phase is decided. The reason is that the voltage difference between the sections 1 and 2 is defined a the real 
detection voltage vector Vs. Further, it is desirable to set VsO to a small value as far as possible as long as the variation 
of current can be detected. Further, in this case, on the basis of the a axis of the a - 0 static coordinate system having 
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the orthogonal a axis and s axis, the phase or direction is decided and the U phase is set on the a axis. Therefore, the 
directions of the V and W phases are directions of 2rc/3 and 4jc/3 to the a axis respectively. 

[0033] Next, the detection method for the rotor position in the first embodiment shown in Fig. 1 will be explained. 
[0034] As a current sensor 5u for detecting the U-phase current of the synchronous motor 1 , an inexpensive current 
5 transformer CT for detecting only the AC component of a current flowing in the U phase is used. By doing this, only 
the pulsating component of a current by the PWM signal is detected. 

[0035] A current detection unit 9 of the controller 4 fetches and detects a U-phase current iu output from the current 
transformer CT in the timing coinciding with a carrier synchronous signal P1 synchronized with the maximum value 
and minimum value of the carrier. 

10 [0036] A current differential calculation unit 11 obtains the variation of the U-phase current iu from the detection 
voltage vector that is, the U-phase current difference Aiu as shown below. The current differential calculation unit 11 
calculates the current difference Aiu1 in the section 1 shown in Fig. 2 from the difference between the U-phase current 
iu1 fetched by the current detection unit 9 at the point of time of the maximum value of the carrier (for example, time 
t1) and the U-phase current iu2 fetched at the point of time of the next minimum value of the carrier (time t2). Further, 

is the current differential calculation unit 11 calculates the current difference Aiu2 in the section 2 shown in Fig. 2 from 
the difference between the U-phase current iu2 and the U-phase current iu3 fetched at the point. of time of the next 
maximum value of the carrier (time t3). The current differences Alu1 and Aiu2 are affected by the control voltages Vuc, 
Vvc, and Vwc, the detection voltage vector, and the counter electromotive force of the synchronous motor 1 . However, 
in consideration of the difference between the current differences Aiu1 and Aiu2, when the applied voltage and counter 

20 electromotive force are the same, their effects are canceled. 

[0037] Therefore, as explained by referring to Fig. 2, in the sections 1 and 2, when the control voltages Vuc, Vvc, 
and Vwc are applied in the same value and only the detection voltage vectors Vs are applied in different values, the 
U-phase current difference Aiu which is the difference between the current differences Aiu1 and Aiu2 is affected only 
by the difference in the detection voltage vector Vs between the sections 1 and 2. Namely, the variation of the U-phase 

25 current iu to the detection voltage vector Vs and the U-phase current difference Aiu can be detected quite independently 
of the control voltages Vuc, Vvc, and Vwc. Hereinafter, the difference in the detection voltage vector between the 
sections 1 and 2 is called a detection voltage vector Vs. 

[0038] Meanwhile, when the rotor position G and the d-axis and q-axis inductances of the synchronous motor 1 are 
known, the variation of the U-phase current iu to the detection voltage vector Vs can be obtained by calculation. This 

30 value is assumed as a U-phase reference current difference Aicu. Actually, instead of the rotor position 9, the inferred 
rotor position 8c calculated by the controller 4 is known, so that assuming that the inferred rotor position 8c agrees 
with the rotor position G, the U-phase reference current difference Aicu is obtained by a reference current differential 
calculation unit 12. In this process, as shown in Fig. 4, when a table is prepared for the inferred rotor position Gc, the 
U-phase reference current difference Aicu can be obtained simply. This obtaining method will be described later together 

35 with the vector diagrams of Figs. 5 to 7. 

[0039] The difference between the detected U-phase current difference Aiu and the U-phase reference current dif- 
ference Aicu (hereinafter, this is called a U-phase detection current difference Aisu) indicates a variation (difference) 
between the inferred rotor position Gc and the rotor position e, so that a position detection unit 1 3 controls converging 
by using a control means such as proportion-integration calculations so as to set the difference to 0. 

40 [0040] It is an important point of the present invention to make the relation thereof clear and it will be described later 
by referring to the vector diagrams of Figs. 5 to 7. 

[0041] The inferred rotor position 6c obtained as mentioned above is input to a speed detection unit 14 and used to 
obtain the motor speed <o from the variation thereof. Further, the inferred rotor position 6c is input to the speed control 
unit 7 and also used to output the control voltage vector obtained by the speed control unit 7 to the control voltages 
45 vuc, Vvc, and Vwc of each phase by coordinate conversion. 

[0042] Next, the detection of the rotor position 6 in the motor control system shown in Fig. 1 will be explained by 
refemng to Fig. 5. 

[0043] Fig. 5 shows a state that the d-q axis rotatory coordinate system that the pole position is on the d axis rotates 
from the a axis by the rotor position 6 and the inferred rotor position 6c of the controller 4 is larger than the real rotor 

so position 6 and different from the real rotor position 6. The ellipse indicated by a solid line that the d axis is a long axis 
and the q axis is a short axis indicates a Lissajous waveform of the current differential vector Ai to the detection voltage 
vector Vs when the detection voltage vector Vs makes one revolution from 0 to 2it. Therefore, when the inductances 
of the d axis and q axis of the synchronous motor 1 are the set values, the actually-generated current differential vector 
Ai to the detection voltage vector Vs moves on the solid-line ellipse. On the other hand, when the inductances of the 

55 d axis and q axis of the synchronous motor 1 are as set and the rotor position of the synchronous motor 1 coincides 
with the inferred rotor position Gc inferred by the controller 4, the current differential vector Ai moves on the ellipse 
indicated by a dashed line that the dc axis is a long axis and the qc axis is a short axis. This is -called a reference 
current differential vector Aic. 
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[0044] In this state, as shown in Fig. 5, the change condition of current when the detection voltage vector Vs is 
applied in the detection voltage direction 6v, that is, in the direction of 26c+ic/2 will be explained. 
[0045] When the detection voltage vector Vs is applied in the phase Gv direction, the current differential vector Ai 
actually generated, as shown in Fig. 5, is a vector on the Lissajous waveform line indicated by a solid line andexpressed 
5 by the following formula. 

Ai = Aia jAip (Formula 1) 

10 where j means an imaginary axis and Aia and Ais mean the following formulas. 

Aia = Aids • cosG - AiqssinG (Formula 2 ) 

75 

Ais = Aids • sine + AiqscosG {Formula 3) 

Aids = VsO • cos (Gv - G) At/Ld (Formula 4) 

20 

Aiqs = VsO • sin (Gv - G) At/Ld (Formula 5) 

where Ld and Lq indicate the inductances of the d axis and q axis of the synchronous motor 1 respectively and 
25 VsO indicates the magnitude of the detection voltage (length of the detection voltage vector Vs shown in Fig. 5). There- 
fore, Formula 2 and Formula 3 are expressed as follows. 



30 
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Aia = (1/2) • VsO • At {(1/Ld + 1/Lq) cosGv 

+ (1/Ld - 1/Lq) cos (Gv - 2G)} (Formula 6) 

Ais = (1/2) • VsO • At {(1/Ld + 1/Lq) sinGv 

- (1/Ld - 1/Lq) sin (Gv - 2G)} (Formula 7) 



[0046] In the same way, when the real rotor position coincides with the inferred rotor position Gc inferred by the 
controller 4, the reference current differential vector Aic generated by applying the <letection voltage vector Vs in the 
40 phase Gv direction is on the Lissajous waveform indicated by a dashed line. ln*Fig. 5, the detection voltage vector Vs 
is closer to the qc axis than the q axis, so that the reference current differential vector Aic is a vector closer to the 
detection voltage vector Vs than the current differential vector Ai and expressed by the following formula. 



55 



Aic = Aiac + jAiflc {Formula 8) 
where Aiac and Aipc mean the following formulas. 

Aiac = Aidsc • cosGc - Aiqsc.sinGc (Formula 9) 

Aipc = Aidsc • sinGc + Aiqsc.cosGc -(Formula 10) 

Aidsc = VsO •cos (Gv - 6c) At/Ldc (Formula 1 1 ) 
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Aiqsc = VsO • sin (ev - 6c) At/Ldc {Formula 12) 

where Ldc and Lqc indicate the inductances of the reference d axis and q axis of the synchronous motor 1 set 
by the controller 4. Therefore, Formula 9 and Formula 10 are expressed as follows. 

Aiac = (1/2) ♦ VsO ♦ At {(1/Ldc + 1/Lqc) cosGv 

+ (1/Ldc - 1/Lqc) cos (Gv - 2Gc)} . (Formula 13) 



Aisc = (1/2) • VsO • At {(1/Ldc + 1/Lqc) sinGv 

- (1/Ldc - 1/Lqc) sin (Gv - 2Gc)} (Formula 14) 

[0047] In this case, the U-phase reference current difference Aicu shown in Fig. 4 is the U-phasecontribution of Alac 
and a value proportional to Aiac, so that a table can be prepared by calculation including the detection voltage direction 
Ov. Further, the detection voltage direction Gv is set to a value of (2Gc + n/2), though it will be described later. Therefore, 
Formula 3 is expressed as follows, so that a table for obtaining the U-phase reference current difference Aicu is prepared 
on the basis of Formula 15. 

Aiac = (1/2) • VsO« At 
(1/Ldc + 1/Lqc) cos (2Gc + n/2) (Formula 15) 

[0048] Next, the difference between the current differential vector Ai and the reference current differentia! vector Aic 
and the detection current differential vector Ais will be examined. Further, the inductances Ldc and Lqc of the reference 
d axis and q axis of the synchronous motor 1 are respectively different from the inductances Ld and Lq of the real d 
axis and q axis and a method taking it into account may be used together. However, in this case, Ldc = Ld and Lqc = 
Lq are assumed to be held. 

[0049] The following may be obtained using Formula 1 to Formula 4. 

Ais = Ai - Aic « Aias + jAiss .{Formula 16) 

where Aias and Aiss are given the following formulas. 

Aias = (1/2) • VsO • At(1/Ld - 1/Lq) 

{cos(Gv - 2G) - cos(9v - 2Gc)} (Formula 17) 



Aisc = (1/2) • VsO • At(1/Ld - 1/Lq) 

{sin(Gv - 2G) - sin(Gv - 2Gc)} (Formula 1 8) 

Then, when (20c + n/2) is substituted for the detection voltage direction Gv, Formula 17 and Formula 18 can be 
expanded as shown below. Further, (1/2).Vs0. At(1/Ld-1/Lq) is assumed as a constant of ^0. - 
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AiaS = K0 {COS (6V - 26) - COS (6v - 26c ) > 
= KO {cos (26c - 28+ */2) - cos (*/2)} 
= -K0.sin2(8c - 8) 

= -K0.sin2 (6- 6c) ••• (Formula 19) 

Aips = -KO {sin (6v - 26) - sin (6v - 26c)} 

= -KO KO {sin (28c - 26 + n/2) - sin (ji/2)} 

= K0*{1 - cos2 (8c - 8)} — (Formula 20) 



20 [0050] The vector expressed by Formula 1 9 and Formula 20 is the detection current differential vector Ais. Therefore, 
as shown in Fig. 5, when the inferred rotor position 6c is larger than the real rotor position 6, if the detection voltage 
vector Vs is applied assuming that the detection voltage direction 0v is (2Gc + n/2), the detection current differential 
vector Ais is a vector in the direction close to the negative direction of the a axis. Particularly, in consideration of Formula 
19, when the detection voltage vector Vs is applied assuming that the detection voltage direction 9v is (26c + n/2), the . 

25 a axis component Aias of the detection current differential vector Ais is a value proportional to sin2(6 - 6c). Therefore, 
when the a axis component Aias is set to 0, the inferred rotor position 6c can coincide with the real rotor position 6. 
Further, in this embodiment, the U phase of the synchronous motor 1 coincides with the a axis, the a axis component 
Aias of the detection current differential vector Ais is proportional to the U-phase detection current differential vector 
Aisu. Therefore, in Fig. 5, the U-phase detection current differential vector Aisu is negative and it means that the inferred 

30 rotor position 6c is larger than the real rotor position 6, so that by performing control cabulations so as to reduce the 
inferred rotor position 6c, the inferred rotor position 6c<;an be brought close to the real rotor position 6. Such calculations 
are performed by the position detection unit 13. 

[0051] Fig. 6 shows the relation between the detection voltage vector Vs and the current differential vectors Ai, Aic, 
and Ais for it when the inferred rotor position 6c is close to the real rotor position 6 in this way. Since the inferred rotor 

35 position 6c is made smaller, it is found that the direction 6v of the detection voltage vector Vs is smaller than that shown 
in Fig. 5. Therefore, the current differential vector Ai and the reference current differential vector Aic respectively move 
in the different directions from those shown in Fig. 5, while the detection current differential vector Ais is directed almost 
in the negative direction of the a axis and the magnitude thereof is made smaller. Therefore, it is found that the inferred 
rotor position 6c is close to the real rotor position 6. On the basis of the U-phase detection current differential vector 

40 Aisu proportional to the a axis component thereof, the inferred rotor position 6c cancoincide with the real rotor position 
9 by control calculation. 

[0052] When the inferred rotor position 6c is small for the real rotor position 6 as shown in Fig. 7, the detection current 
differential vector Ais is directed close to the positive direction of the a axis, so that the inferred rotor position 8c<;an 
coincide with the real rotor position 6 by control calculation in the same way. These relations can be derived from 

45 Formula 1 9 and Formula 20. 

[0053] In this embodiment, the rotor position <:an be inferred precisely using one inexpensive current sensor, so that 
compared with a conventional controller using a plurality of current sensors, an inexpensive position sensoriess con- 
troller can be realized. Moreover, the inference can be executed by a calculation process on the basis of a one-phase 
current, so that the controller 4 can be realized using an inexpensive microprocessor. 

so [0054] Further, the current sensor 5u may detect only the pulsating component of a current on the basis of the PWM 
signal, so that a signal having a frequency component in the neighborhood of the carrier frequency is input to the 
current detection unit 9, thus the resolution of current detection can be improved. By doing this, the magnitude of the 
detection voltage vector Vs can be reduced and there is an advantage that the effect by addition of the detection voltage 
can be reduced greatly. 

55 [0055] Fig. 8 is a block diagram of a motor-control system showing the second embodiment of the present invention. 
In this embodiment, as compared with the first embodiment, the method for applying the detection voltage vector Vs 
is different in a point that two current sensors 5v and 5w are used for current control for a torque command instead of 
a speed command. The method for inferring the rotor position using one current sensor 5u is the same as that of the 
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first embodiment, so that duplicate explanation will be omitted. 

[0056] This embodiment is suitable for motor control of an electric car for generating torque proportional to a torque 
command xr according to the stepping depth of an accelerator pedal. 

[0057] When the torque command xr is input to the current command unit 1 6, thecurrent command unit 1 6 calculates 
5 a d-axis current command value idr for controlling the magnetic flux of the synchronous motor 1 and a q-axis current 
command value idq orthogonal to it on the basis of the torque command xr and the motor speed co. The calculation 
may be performed so as to obtain from a table prepared by calculating the d-axis current command value idr and the 
q-axis current command value idq orthogonal to it beforehand so as to minimize the loss of the driving system of the 
synchronous motor 1 for the torque command xr and the motor speed co. The d-axis current command value idr and 
10 the q-axis current command value idq obtained here are input to the current control unit 17. 

[0058] Further, a V-phase current iv and a W-phase current iw which are detected by the current sensors 5v and 5w 
are converted from analogue to digital by the current detection unit 15 and fetched ins ide the controller 4 as a digital 
amount. Thereafter, by the coordinate conversion unit 19, these currents are coordinate-converted from the static 
coordinate system to the d-q axis rotatory coordinate system rotating in the same way as with the rotor using the 
15 inferred rotor position Gc obtained by the position detection unit 1 3 and a d-axis current id and a q-axis current id are 
obtained. 

[0059] The d-axis current id and the q-axis current id are input to the current control unit 17, and the feedback control 
calculation by the difference between the d-axis current command value idr and the d-axis current id is performed by 
the current control unit 17, thus a d-axis control voltage Vdc is decided, and the feedback control calculation by the 
20 difference between the q-axis current command value iqr and the q-axis current iq is performed, thus a q-axis control 
voltage Vqc is decided. The control calculation is generally the proportion- integration calculation. Further, as a method 
for correcting the counter electromotive force accompanying rotation of the synchronous motor 1 , non-interference 
control according to the motor speed co may be used together. 

[0060] From the viewpoint of control, when the detection voltages Vqs and Vds are ignored, the d-axis voltage com- 
25 mand value Vdr (= d-axis control voltage Vdc) and the q-axis voltage command value Vqr q-axis control voltage 
. Vqdc) are converted from the d-q axis rotatory coordinate system to the a-p axis static coordinate system by the 
coordinate conversion unit 18 and 3-phase voltage commands Vur, Vvr, and Vwr are output. By this addition of the 
current control system, the d-axis current id can coincide with the d-axis current command value idr and the q-axis 
current id can coincide with the d-axis current command value idr respectively at a rapid response speed. 
30 [0061] In the second embodiment, the position sensorless control system can realize rap id- response torque control. 
[0062] Further, the detection voltage calculation unit 20 in the second embodiment is structured so as to apply the 
detection voltages Vds and Vqs in the d-q axis coordinate system. The processing method executed by the detection 
voltage calculation unit 20 will be explained by referring to Fig. 9. 

[0063] Fig. 9 is a flow chart of the process executed by the detection voltage calculation unit 20. 

35 

Step 111 

[0064] The detection voltage direction 6v is obtained by calculation of (Gc+tc/2). The reason is that a detection voltage 
is applied to the d-q axis rotatory coordinate system and as shown in the vector diagrams in Figs. 5 to 7, the phase 
40 difference between the a-s axis static coordinate system which is a static coordinate system and the dc-qc axis rotatory 
coordinate system is Gc. 

Step 112 

45 [0065] In the same way as with Step 102 mentioned above, the detection voltage calculation unit 20 judges the timing 
of voltage application and branches the process. In this case, the detection voltage is changed every a half period of 
the carrier. However, when the application period of the control voltage is equal to two periods of the carrier, the judgment 
change at Step 112 may be executed every one period of the carrier. 

so Step 113 

[0066] The detection voltages Vds and Vqs applied at the point of time when the carrier is maximized are calculated. 
Step 114 

55 

[0067] The detection voltages Vds and Vqs applied at the point of time when the carrier is minimized arecalculated. 
[0068] The processing method shown in Fig. 9 has an advantage compared with the processing method shown in 
Fig. 3 that there are very few calculation contents. 
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[0069] Further, the second embodiment is added with a current sensor error detection unit 21 . Generally, a method 
for detecting an error of the current sensor using that the sum of three-phase currents is 0 is known. However, in the 
second embodiment shown in Fig. 8, in the same way as with the first embodiment shown in Fig. 1 , the current sensor 
5u of U-phase is structured so as to use an inexpensive sensor having a function for detecting only the AC amount, 
5 so that to detect existence or no-existence of an error of the current sensor, a new detection method must be designed. 
[0070] Fig. 10 is a flowchart of the current sensor error detection process executed by the current sensor error 
detection unit 21 . 

Step 121 

10 

[0071] The U-phase current difference Aiu is obtained from the difference between the U-phase current iu(n) at the 
time t(n) and the U-phase current iu(n-1) at the time t(n-1). In this case, the time (n) means the point of time of the 
minimum value of the carrier and concretely, it is equivalent to the times t2 and t4 shown in Fig. 2. Further, the time 
(n-1 ) means the point of time of the maximum value of the carrier and in the same way, it is equivalent to the times t1 
15 and t3 shown in Fig. 2. Further, with respect to the U-phase current, the current sensor 5u for detecting only the AC 
component is used, so that a value different from the current actually flowing is detected, while the U-phase current 
difference Aiu which is a fluctuation component is the same as the real value. 

Step 122 

20 

[0072] The U-phase current difference Aiv is obtained in the same way. 
Step 123 

25 [0073] The W-phase current difference Aiw is obtained in the same way. 

[0074] With respect to the V phase and W phase, for the purpose of execution of current control during stop and at 
a low speed, a current sensor capable of also detecting the DC component may be used. 

Step 124 

30 

[0075] The sum total AiO of 3-phase current differences is calculated. In a general case that a zero-phase current 
does not flow in the synchronous motor 1 , the sum total of 3-phase currents is 0, so that the sum total AiO of 3-phase 
current differences is also 0. 

35 Step 125 

[0076] Whether the sum total AiO of current differences is less than a predetermined decided value Aij or not is 
decided. When the sum total AiO is less than the decided value Aij, the current sensor error detection unit 21 judges 
that the current sensor is normal and ends the process, and when the sum total AiO is the decided value Aij or more, 
40 the process is branched to Step 126. 

Step 126 

[0077] The current sensor error detection unit 21 generates a current sensor error signal Sc and inputs it to the PWM 
45 signal generation unit 8. The PWM signal generation unit 8, when the current sensor error signal Sc is Input, stops 
generation of the PWM signals Pu, Pv, and Pw and stops the synchronous motor 1 . 

[0078] When the current sensors 5u, 5v, and 5W enter an error state like this, the synchronous motor 1 is stopped, 
thus the high reliability of the position sensorless control system for executing highly efficient current control is ensured. 
[0079] Fig. 11 is a block diagram of a motor control system showing the third embodiment of the present invention. 
50 This embodiment is an embodiment that a motor control system having the equivalent performance to that of the motor 
control system of the second embodiment is structured at a low price. For the constitution duplicated with the afore- 
mentioned embodiment, the explanation will be omitted. 

[0080] The third embodiment has a constitution that one current sensor 5x for detecting the input current of the 
inverter 3 is used instead of the current sensors Sv and 5w, and the input current iDC detected by the current sensor 
55 5x and the PWM signals Pu, Pv and Pw of each phase are input to a phase current separation unit 22, and the V- 
phase current iv and the W-phase current iw are obtained by calculation. 

[0081] From the logic of the PWM signals Pu, Pv, and Pw of three-phase, the relation between the input current iDC 
and the currents of each phase is found. For example, when the PWM signal Pu is on the high level and the PWM 
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signals Pv and Pw are on the low level, the power element on the upper side of the V phase and the power elements 
on the lower side of the U phase and W phase in the 3-phase bridge circuit of the inverter 3 are turned on, so that the 
input current iDC agrees with the positive V-phase current. Further, when the PWM signals Pu and Pv are on the high 
level and the PWM signal Pw is on the low level, the power elements on the upper side of the U phase and V phase 

5 and the power element on the lower side of the W phase are turned on, so that the input current iDC agrees with the 
negative W-phase current. By tabling the relation between this pattern of the PWM signals Pu, Pv, and Pw and the 
phase currents, the current of each phase can be obtained on the basis of the detected input current iDC and the PWM 
signals Pu, Pv, and Pw. The phase current separation unit 22 obtains the V-phase current iv and the W-phase current 
iw on the basis of this relation between the input current iDC, the PWM signals Pu, Pv, and Pw, and each phase current. 

10 This constitution can reduce the number of current sensors to be used. Further, the current sensor 5u for position 
detection is used to detect a current of one phase (U phase in this case) every predetermined timing synchronized 
with the carrier. 

[0082] According to the controller of the third embodiment, a rapid-response position sensorless control system can 
be realized at a low price. 

15 [0083] Fig. 12 is a block diagram of a motor control system showing the fourth embodiment of the present invention. 
This embodiment is structured so as to detect the phase current without applying a detection voltage at the timing 
showing the same phenomenon as that when the detection voltage is applied, thereby realize detection of the rotor 
position using the saliency of the synchronous motor 1 , prevent an increase in the loss due to an increase in noise 
and pulsation of the current by applying the detection voltage, and realize a rapid-response position sensorless control 

20 system at a low price. 

[0084] Therefore, the current differential vector is detected using two current sensors. The fourth embodiment shown 
in Fig. 1 2 constitutes a current control system for the torque command xr in the same way as with the second embod- 
iment shown in Fig. 8. However, a method for applying no detection voltage, obtaining a voltage vector instead of it, 
and inferring the rotor position Gc is different. For the complicate constitution with the aforementioned embodiment, 

25 the explanation will be omitted. 

[0085] In the fourth embodiment, the PWM signal generation unit 8 generates a carrier synchronizing signal P2 for 
current detection at timing different from that of the carrier synchronizing signal P1 of the aforementioned embodiment. 
The carrier synchronizing signal P2, as shown in the time chart in Fig. 13, is generated so as to detect the current of 
each phase at the times ta, tb, tc, and td when the carrier takes an intermediate value. 

30 [0086] The current detection unit 15 fetches the V-phase current iv and the W-phase current iw at the generation 
timing of the carrier synchronizing signal P2. The application condition of the voltage of each phase at this time will toe 
explained by referring to Fig. 13. Further, during the period from the time t1 to t5, it is assumed that the voltages (control 
voltages Vur, Vvr, and Vwr) to be applied to each phase are not changed. 

[0087] The mean voltage of each phase during the period from the time t1 to t5 (or t3) is naturally Vur, Vvr, and Vwr 
35 respectively. However, as the PWM signals Pu, Pv, and Pw, show, in the section A between the times ta and tb, the 
U-phase voltage and V-phase voltage are maximum values and the W-phase voltage is a negative value, while in the 
section B between the times tb and tc, the U-phase voltage is close to 0, and the V-phase voltage is a negative value, 
and the W-phase voltage is a minimum value. Namely, between the section A and the section B, there is a difference 
in the voltage vector to be applied. This is called a voltage difference vector AVs. In the time chart of the first embodiment 
40 shown in Fig. 2, the positive and negative detection voltage vectors are additionally applied in the sections 1 and 2 so 
as to generate a difference in the voltage vector. However, when the current detection timing is set as in the fourth 
embodiment, an equivalent state to that when the detection voltage is applied can be set. 

[0088] Next, the relation between the control voltage vector Vc and the voltage difference vector AVs will be explained 
by referring to Fig. 1 4. Fig. 1 4(a) shows waveforms when the voltage of each phase for the phase of the control voltage 

45 vector is a sine waveform. In this case, the Lissajous waveforms of the voltage vectors in the sections A and B are 
respectively as shown in (b) and (c) and formed like a bulged triangle. In this case, the arrows shown in (b) and (c) 
indicate voltage vectors when the phase of the control voltage vector is 150 degrees. Further, the mean voltage vector 
in the sections A and B is a circle as shown in (d) and the phase of the mean voltage vector indicated by the arrow is 
150 degrees. The average of the two voltage vectors indicated by the arrows in <b) and (c) is the mean voltage vector 

50 in (d). The Lissajous waveform of the mean voltage vector is naturally circular because it indicates a voltage vector of 
a sine wave. 

[0089] The Lissajous waveform of the voltage difference vector AVs is as shown in (e) and the voltage difference 
vector AVs when the phase of the control voltage vector is 150 degrees is directed in the direction of -120 degrees. 
When the phase of the control voltage vector is set as a transverse axis, and the absolute value AVsO of the voltage 
55 difference vector AVs and the phase 0v thereof are set as an ordinate axis, and the Lissajous waveform of the voltage 
difference vector AVs shown in (e) is converted, it is as shown in (f). The absolute value AVsO of the voltage difference 
vector AVs pulsates in a period of 1/6 times of one period of the phase of the control voltage vector and the phase Ov 
of the voltage difference vector AVs rotates two times in one period of the phase of the control voltage vector. When 
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the control voltages Vur, Vvr, and Vwrof each phase are decided, the voltage difference vector AVs is decided uniquely 
and the control voltage vector can be calculated by tabling the phase thereof. 

[0090] Therefore, in the fourth embodiment, when the control voltages Vd and Vq of the d and q axes decided by 
the current control unit 1 7 and the inferred rotor position Gc output from the position detection unit 1 3 are input to the 
5 voltage setting unit 25, the voltage command values Vur, Vvr, and Vwr of each phase are calculated and the absolute 
value AVsO of the voltage difference vector AVs and the phase 9v thereof can be obtained by the table. These values 
are output to perform position detection calculations. 

[0091] The voltage setting unit 25 will be explained by referring to the function block diagram shown in Fig. 15. The 
voltage vector calculation unit 27 obtains the absolute value VcO of the control voltage vector and the vector phase 6 

io from the dc axis on the basis of the control voltages Vd and Vq. By adding the vector phase f> and the inferred rotor 
position 6c, the phase 6vc from the a axis of the control voltage vector is obtained, and then the single-phase voltage 
table 28 is referred to, and the single-phase voltages vu, w, and vw which are the basis for the applied voltages of 
each phase are obtained. In this case, the waveforms of sine wave shown in Fig. 14(a) are tabled. 
[0092] Further, the absolute value AVsO of the voltage difference vector AVs and the phase 9v thereof, as shown in 

is Fig. 14(f), are decided by the absolute value VcO of the control voltage vector and the phase Gvc thereof. Then, in the 
single-phase voltage table 28, the phase 6v of the voltage difference vector for the phase eve and the unit voltage 
difference vs which is the absolute value AVsO of the voltage difference vector when the absolute value VcO of the 
control voltage vector is 1 V are tabled, thus the unit voltage difference vs and the phase 8v are calculated. The 
magnitude of voltage is proportional to the absolute value VcO of the control voltage vector, so that the products of the 

20 absolute value VcO of the control voltage vector, the single-phase voltages vu, vv, and vw, and the unit voltage difference 
vs are calculated respectively by the multiplication unit 29 and the voltage command values Vur, Vvr, and Vwr of each 
phase and the absolute value AVsO of the voltage difference vector are obtained. 

[0093] Next, a method for inferring the rotor position from the voltage difference vector will be explained. In the first 
embodiment shown in Fig. 1 , there is a degree of freedom for applying the detection voltage vector Vs in an optional 

25 direction and it is used. Namely, the direction of the detection voltage vector Vs is decided so that a detection current 
difference Ais for an error of the rotor position appears in a specific direction (in the first embodiment shown in Fig. 1 , 
the direction of the a axis). However, the voltage difference vector for the detection voltage vector Vs is uniquely decided 
when the control voltage vector is decided, so that it cannot be set in an optional direction. Therefore, the fourth em- 
bodiment has a constitution that inversely for the decided voltage difference vector and the inferred rotor position Ac, 

30 the direction that the detection current difference Ais for an error of the rotor position appears is identified andcontrol 
for setting the component of the detection current difference Ais in the direction to 0 is executed. Further, the direction 
that the detection current difference Ais appears; is set as an h axis here and the phase thereof is set to Gh. 
[0094] When the calculation method for Formula 1 to Formula 20 is used, the phase Gh of the h axis is obtained by 
the following formula. 

35 

6h = 26c - 6v + ti/2 (Formula 21 ) 

[0095] The h-axis phase calculation unit 26 in the fourth embodiment calculates Formula 21 on the basis of the 
40 inferred rotor position Gc and the voltage difference vector phase Gv and outputs the phase Gv of the h axis. In this 
case, the h-axis reference current difference Aihc which is the Gh component in the h-axis direction of the reference 
current differential vector Aic is obtained by the following formula. 



45 Aic = Aictc.cos 6h + AifJc.sin 8h 

« (1/2) • VsO • At • 

so [{(1/Ldc + 1/Lqc) cos 8v + (1/Ldc + 1/Lqc) 

cos (9v - 28c)} cos 0h + {(1/Ldc + 1/Lqc) sin 8v 
- (1/Ldc - 1/Lqc) sin (8v - 28c))} sin0h] 

55 
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= (1/2) • VsO • At • 

[(1/Ldc + 1/Lqc) cos 9v cos 9h + sin 8v sin 9h) 

5 

+ (1/Ldc - 1/Lqc) {cos (6v - 29c) cos Oh 

- sin (8v - 29c) sin 9h}] 
10 = (1/2) • VsO • At • 

[(1/Ldc + 1/Lqc) cos (9v - 9h) 
is + (1/Ldc - 1/Lqc) cos (8v - 29c + 9h) ] 

= (1/2) • VsO * At • (1/Ldc + 1/Lqc) 

cos (29v - 29h - n/2 ) 

20 

= (1/2) • VsO • At • (1/Ldc + 1/Lqc) 

sin2 (8v - 9c) — Formula 22 

25 

where VsO is the absolute value of the voltage differential vector AVs. The absolute value A VsO, as shown in Fig. 
14(f), varies with the phase of the control voltage vector so that the h-axis reference current differential calculation 
unit 23 obtains the h-axis reference current difference Aihc using the following formula on the basis of the current 
change per unit voltage. 

30 

Aihc = (1/2) • At • (1/Ldc + 1/Lqc) sin2 (ev - 6c) 

Next, the real current difference Aih in the direction of the h axis is obtained by the h-axis current differential 
35 calculation unit 24. 

Step 131 

[0096] The V-phase and W-phase current differences Aiva and Aiwa in the section A are calculated. Symbols iv(ta), 
40 iv(tb), and iv(tc) indicate V-phase currents respectively at the times ta, tb, and tc shown in Fig. 13. In the same way, 
symbols iw(ta), iw(tb), and iw(tc) indicate W-phase currents respectively at the times ta, tb, and te. 

Step 132 

45 [0097] The V-phase and W-phase current differences Aivb and Aiwb in the section B are calculated. 
Step 133 

[0098] From the difference between the current differences in the sections A and B, the V-phase and W-phasecurrent 
so differences Aiv and Aiw are obtained. Further, the U-phase current difference Aiu is obtained by calculation of (-Aiv- 
Aiw). These current differences indicate changes in the current dub to the voltage difference vector AVs which is the 
difference in the applied voltages in the sections A and B. 

Step 134 

55 

[0099] On the basis of the 3-phase current differences Aiu, Aiv, and Aiw, the h-axial phaseGh, and the absolute value 
AVsO of the voltage difference vector, the h-axial current difference Aih is obtained, in this case, division by the absolute 
value AVsO means the current difference per unit voltage. 
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[01 00] The difference between the h-axial current difference Aih and the h-axial reference current difference Aihc 
obtained in this way is the difference between the rotor position 8 and the inferred rotor position Gc, so that the inferred 
rotor position Gc can be converged to the rotor position Gusing the proportion-integration calculation by the position 
detection unit 1 3 so as to set the difference between the h-axial current difference Aih and the h-axial reference current 
5 difference Aihc to 0. This principle is the same as that of the first embodiment. However, the reason that the function 
block is complicate is that the current change of the rotatory coordinate system of the h axis is detected instead of the 
current change in the direction of the a axis (U-phase direction). 

[0101] The detection principle of the rotor position will be explained in detail by referring to the concrete vector 
diagram shown in Fig. 1 7. Fig. 1 7 shows, in the same way as with Fig. 5, the condition that the inferred rotor position 
10 Gc inferred by the controller 4 is shifted in the direction proceeding more than the real rotor position 8. The voltage 
difference vector AVs varies with the control voltage vector Vc, so that in Fig. 17, a case that the phase Gvc of the 
control voltage vector Vc is 150 degrees will be explained. 

[0102] The voltage difference vector AVs in this case, as shown in Fig. 14(e), is directed in the direction of -120 
degrees. For the voltage difference vector AVs, the real current differential vector Ai and the reference current differential 

15 vector Aic are respectively the arrow of a solid line and the arrow of a dashed line shown in Fig. 17. Therefore, the 
detection current differential vector Aic, as shown in Fig. 1 7, is directed in the direction of the first quadrant. Then, in 
consideration of the h axis obtained from Formula 21, It is found that it is the third quadrant close to -90 degrees. 
Therefore, the h-axial component of the detection current differential vector Ais is negative and it may be said that the 
real rotor position 6 is smaller than the inferred rotor position Gc. When the value is input to the position detection unit 

20 13, the position detection unit 13 calculates so as to make the inferred rotor position Gc smaller, so that it gradually 
approaches the real rotor position G. 

[01 03] Next, even when the control voltage vector Vc is different from the example shown in Fig. 1 7, it will be explained 
by referring to Figs. 18 and 19 that position detection is possible. 

[0104] As shown in Fig. 18(e), when the control voltage vector Vc is at 170 degrees, the voltage difference vector 
25 AVs is directed in the direction close to -150 degrees. Further, Fig. 18(f) shows that the absolute value AVsO thereof 
is made smaller than that shown in Fig. 1 7. Fig. 1 9 is a vector diagram at this time. 

[0105] The control voltage vector Vc and the voltage difference vector AVs are changed compared with the case 
shown in Fig. 17. Therefore, the current differential vector Ai and the reference current differential vector Aic are also 
changed. Actually, the absolute value of the voltage difference vector AVs is reduced and the magnitudes of the current 
30 differential vector Ai and the reference current differential vector Aic are also changed. Figs. 17 and 19 show current 
changes per unit voltage. This process is the one executed at Step 134 shown in Fig. 16. 

[0106] Due to such a relation, the detection current differential vector Ais is directed in the direction of the second 
quadrant. On the other hand, the h axis is in the fourth quadrant, so that the h-axialcomponent of the detection current 
differential vector Ais has a negative value in the same way as with Fig. 1 7. Therefore, it is found that the inferred rotor 
35 position Gc at that time proceeds than the real rotor position G. Namely, when the detection current difference component 
in the direction of the h axis is detected regardless of the direction of the control voltage vector Vc, the shift of the rotor 
position can be inferred. By this method, the shift of the rotor position can be detected every period of the PWM signal 
using the saliency of the rotor, so that the rotor position can be inferred at high speed. 

[0107] According to the fourth embodiment, from the waveform of the PWM signal generated by the control voltage, 
to a voltage difference equivalent to the detection voltage can be obtained, so that the current changing condition for the 
voltage difference is detected without applying the detection voltage and the rotor position can be inferred at high 
speed. Therefore, according to the fourth embodiment, a rapid-response position sensoriess control system can be 
realized free of noise generated by addition of the detection voltage and an increase in loss. 

[0108] The fifth embodiment of the present invention will be explained by referring to Fig. 20. The fifth embodiment 
45 has a constitution of changing the calculation method for detection of the rotor position according to the motor speed 
to. The fourth embodiment shown in Fig. 12 can detect the rotor position without applying the detection voltage. How- 
ever, the voltage difference vector equivalent to the detection voltage varies with the magnitude of the control voltage, 
so that in the low torque operation state at low speed, the voltage difference vector reduces and the position detection 
precision lowers. On the other hand, the detection methods shown in Fig. 1 <the first embodiment), Fig. 8 (the second 
50 embodiment), and Fig. 11 (the third embodiment) are a method for applying the detection voltage vector, so that they 
can detect the position precisely even in the stop state and low speed state. Therefore, the fifth embodiment has a 
constitution that the detection method is switched according to the motor speed w, thus convenient position detection 
is realized. 

[0109] A main difference of the fifth embodiment from the fourth embodiment shown in Fig. 12 is that a mode decision 
55 unit 30 is installed, and the calculation contents of the voltage setting unit 25 are changed according to the operation 
mode, and current detection is executed by the U-phase current sensor 5u and the V-phase current sensor5v. Changing 
of the current sensor is made for simple explanation of the fifth embodiment and the phase ofcurrent detection is not 
limited. 
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[01 10] The function of the mode decision unit 30 will be explained by referring to the flow chart shown in Fig. 21 . 
Step 141 

5 [0111] The mode decision unit 30 inputs the motor speed co from the speed detection unit 14. 
Step 142 

[0112] The mode decision unit 30 compares the absolute value of the motor speed <o with the first speed a)1 and 
10 branches the process. 

Step 143 

[01 13] When the absolute value of the motor speed u) is not lower than the first speed a>1 , the mode decision unit 
15 30 compares the absolute value with the second speed u>2 and branches the process. 

Step 144 

[0114] When the absolute value of the motor speed <o is lower-than the first speed o>1 , the mode decision unit 30 
20 sets the mode MD to 1 (means that the synchronous motor 1 is in the low speed state including stop). 

Step 145 

[01 15] When the absolute value of the motor speed o> is lower than the second speed 0)2, the mode decision unit 
25 30 sets the mode MD to 2 (means that the synchronous motor 1 is in the intermediate speed state). 

t - 

Step 146 

[0116] When the absolute value of the motor speed u> is the second speed o>2 or higher, the mode decision unit 30 
30 sets the mode MD=3 meaning the high speed state. 

[01 17] ■' The PWM signal generation unit 8 and the voltage setting unit 25 input the set mode MD. 

[0118] The PWM signal generation unit 8, when the mode MD = 1, outputs the carrier synchronizing signal P1 for 

setting the timing of current detection and when the mode MD = 2 or MD = 3, the PWM signal generation unit 8 outputs 

the carrier synchronizing signal P2. The relation between the carrier synchronizing signals P1 and P2 and the carrier 
35 is as explained by referring to Figs. 2 and 1 3. This means that the mode MD = 1 is based on the method of the first 

embodiment shown in Fig. 1 and the mode MD = 2 and MD = 3 are based on the method of the fourth ^embodiment 

shown in Fig. 12. 

[0119] The processing function of the voltage setting unit 25 will be explained by referring to Fig. 22. A difference 
from the voltage setting unit 25 shown in Fig. 15 is that a plurality of voltage calculation units and a switching unit are 

40 provided. The switching unit 37 selects and outputs calculation results of the first voltage calculation unit 35, the second 
voltage calculation units 33, and the third voltage calculation unit 31 according to the mode MD = 1 , 2, or 3. 
[0120] When the speed u> of the synchronous motor 1 is in the low mode MD = 1 , the voltage setting unit 25 selects 
the first voltage calculation unit 35 and executes the calculation close to the process of the second embodiment shown 
in Fig. 8. The voltage setting unit 25 outputs the sine wave voltages shown in Fig. (a) for the voltage phase eve, 

15 multiplies them by the absolute value VcO of the control voltage vector by the multiplication unit 36, thereby sets the 
unit voltage of each phase proportional to the control voltage to the control voltages of each phase Vuc, Vvc, and Vwc. 
Further, the voltage setting unit 25 decides the detection voltages of each phase Vus, Vvs, and Vws by the inferred 
rotor position 0c by the method shown in Fig. 3 and processes so as to output them from the PWM signal generation 
unit 8 at the timing of the carrier synchronizing signal P1 . The absolute value Vs1 of the detection voltage equivalent 

50 to the absolute value AVsO of the voltage difference vector is constant, so that this value is output as the absolute value 
AVsO of the voltage difference vector. Further, the detection voltage direction Ov equivalent to the phase of the voltage 
difference vector is output by calculating (20c + n/2). As Formula 21 shows, this means that the h-axial direction 8h is 
0, that is, it is the U-phase direction. Therefore, performing of the process of the first voltage calculation unit 35 is 
performing of the same calculation as that of the second embodiment shown in 'Fig. 8. 

55 [0121] When the speed ay of the synchronous motor 1 is in the middle speed mode MD = 2, the voltage setting unit 
25 selects the second voltage calculation unit 33 and executes the calculation. The calculation basically executes the 
same process as that of the voltage setting unit 25 of the fourth embodiment shown in Fig. 1 5, though it is a difference 
that the table used for calculation is prepared on the basis of Fig. 24(a) and (f). 
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[01 22] In Fig. 24, the voltage of each phase has a waveform that a 0-phase voltage of triple harmonic wave is added 
to the normal sine wave voltage. The reason of adoption of the waveform is that as shown in Fig. 24(f), for the phase 
6vc of the control voltage vector, the absolute value of the voltage difference vector AVs is changed little and the phase 
is changed almost constantly. Therefore, the position detection precision can be ensured stably and the control in the 
5 middle speed rotation region can be stabilized. Further, the voltages as shown in Fig. 24{a) are ones with the 0-phase 
voltage added, so that the current waveform of each phase will not be adversely affected, 

[0123] When the speed u> of the synchronous motor 1 further increases and reaches the high-speed rotation state 
mode MD = 3, the voltage setting unit 25 selects the calculation by the third voltage calculation unit 31 . In this case, 
the table for performing the voltage calculation of each phase is prepared on the basis of Fig. 23(a) and (f). As Fig. 23 

10 shows, when the phase of the 0-phase voltage of the third harmonic wave is reversed 180 degrees, the maximum 
value of the voltage of each phase is reduced. By doing this, when the synchronous motor 1 rotates at high speed and 
the counter electromotive force increases, the voltage use rate of the inverter 3 can be improved. As shown in Fig. 24 
(f), there is a disadvantage that the absolute value of the voltage difference vector varies greatly, while there is an 
advantage that the voltage range for realizing stable control can be enlarged. 

15 [0124] The fifth embodiment can precisely detect the rotor position within the wide range from the stop state to the 
high-speed rotation state of the synchronous motor 1 and execute rapid-response control. 

[0125] Further, it is basically desirable for this method to together use polarity discrimination forjudging the N pole 
or S pole. 

[0126] With respect to the synchronous motor 1 of each embodiment mentioned above, the motor including the rotor 
20 having reverse saliency is explained. However, also to a synchronous motor or a reluctance motor having saliency, 
the present invention can be applied using the saliency. Further, also to an induction motor, the present invention can 
be applied by making the reluctance different between the magnetic flux direction and the perpendicular direction to it 
from the magnetic saturation characteristic by the magnetic flux. 

[01 27] Further, needless to say, in consideration of the effect by rotation of the rotor of the motor during the sampling 
25 time, the pole position may be calculated. 

[0128] Pole position detection is not limited to the method for executing every one period or two periods of the carrier 

and a method for detecting the pole position every multi-period of the carrier using current changes and a method for 

detecting the pole position on the basis of current changes in units of a plurality of periods can be executed. 

[0129] This control not only can be applied to a driving AC motor for an electric car or a hybrid car but also can be 
30 widely applied as a position sensorless control system of an AC motor. 

[0130] The present invention can realize a rap id -response motor controller without using a pole position sensor for 

detecting the rotation position of a rotor 

35 Claims 

1. A motor controller comprising an AC motor (1), a power converter for applying a voltage to said AC motor by a 
PWM signal generated by comparing a command value with acarrier, and a controller for detecting a rotor position 
of said AC motor and controlling said command value, wherein: 

40 

said controller detects said rotor position on the basis of a difference between a real-current differential vector 
and a reference current differential vector. 

2. A motor controller comprising an AC motor (1), a power converter for applying a voltage to said AC motor by a 
45 PWM signal generated by comparing a voltage command value with a carrier, and a controller for detecting a rotor 

position of said AC motor and controlling said voltage command value, wherein: 

said controller has a first phase current detection unit <9) for detecting respective current differentials changed 
by respective voltage vectors applied in a plurality of sections, a reference phasecurrent differential calculation 
50 unit for calculating reference phase current differentials obtained by said plurality of voltage vector differences, 

and a position detection unit (13) for detecting said rotor position of said AC motor using said current differ- 
entials and said reference phase current differentials. 

3. A motor controller comprising an AC motor (1), a power converter for applying a voltage to-said AC motor by a 
55 PWM signal generated by comparing a voltage command value with a carrier, and a controller for detecting a rotor 

position of said AC motor and controlling said voltage command value, wherein: 

said controller has a current detection unit (9) for detecting a current of said AC motor in synchronization with 
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said carrier, a detection phase decision unit for calculating a detection position decided by said voltage and 
said detected rotor position, and a position detection unit (13) for detecting said rotor position by using a 
component of said detection phase of said current vector. 

5 4. A motor controller comprising an AC motor (i), a power converter for applying a voltage to said AC motor by a 
PWM signal generated by comparing a voltage command value with a carrier, and a controller for detecting a rotor 
position of said AC motor and controlling said voltage command value, wherein: 

said controller has a current detection unit (9) for detecting respective current differential vectors changed by 
10 respective voltage vectors applied in a plurality of sections, a reference current differential vector calculation 

unit for calculating reference current differential vectors obtained by said plurality of voltage vector differences, 
and a position detection unit (13) for detecting said rotor position of said AC motor using differences between 
said current differential vectors and said reference current differential vectors. 

is 5. A motor controller comprising an AC motor (1), a power converter for applying a voltage to said AC motor by a 
PWM signal generated by comparing a voltage command value with a carrier, and a controller for detecting a rotor 
position of said AC motor and controlling said voltage command value, wherein: 

said controller has a current detection unit (9) for detecting a current of said AC motor at a point of time when 
20 said carrier reaches close to a center value and a position detection unit -(1 3) for detecting said rotor position 

of said AC motor using said detected current. 

6. A motor controller according to Claim 2, wherein said first phase current detection unit has a function for removing 
a DC component. 

25 

7. A motor controller according to Claim 2, wherein said controller has a second phase current detection unit for 
detecting phase currents of two phases unlike said first phase current detection unit. 

8. A motor controller according to Claim 7, wherein said controller has an error detection unit for detecting an error 
30 in said phase current detection units on the basis of AC components of said phase-currents detected by said first 

and second phase current detection units. 

9. A motor controller according to Claim 3, wherein said current detection unit detects a current at a point of time 
when said carrier reaches close to a center value. 

35 

10. A motor controller according to Claim 3, wherein said controller has a reference current vector calculation unit for 
calculating a detection phase component of a reference current vector for said voltage and detects said rotor 
position on the basis of said detection phase component of said reference current vector and said detection phase 
component of said current vector. 

40 

11 . A motor controller according to Claim 4, wherein said current detection unit detects currents at a plurality of points 
of time when said carrier reaches close to a center value and obtains said current differential vectors on the basis 
of said plurality of currents. 

45 12. A motor controller according to Claim 4, wherein in said controller, a detection phase decision unit for calculating 
a detection phase decided by said voltage and said detected rotor position has a position detection unit (13) for 
detecting said rotor position using detection phase components of said differences of said current differential vec- 
tors and detection phase components of said reference current differential vectors. 

so 1 3. A motor controller according to Claim 5, wherein said controller has a detection phase decision unit for calculating 
a detection phase decided by said voltage and said detected rotor position and a position detection unit (13) for 
detecting said rotor position using a detection phase component of a current vector. 

14. A motor controller according to one of Claims 3, 9, 11 , 12, and 13, wherein said controller has a detection phase 
55 changing unit for changing said detection phase by adding a zero-phase voltage to said voltage. 

15. A motor controller according to Claim 3 or 4, wherein said controller switches current detection timing according 
to a motor speed. 
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16. A motor controller according to Claim 1 5, wherein said current detection timing is a point of time when said carrier 
reaches a maximum value or a minimum value when said motor speed is low and a point of time when^aid carrier 
reaches close to a center value when said motor speed is high. 

5 17. A motor controller comprising an AC motor (1), a power converter for applying a voltage to said AC motor by a 
PWM signal generated by comparing a command value with a carrier, and a controller for detecting a rotorposition 
of said AC motor and controlling said command value, wherein: 

said controller has a calculation unit for deciding a detection voltage to be added to said command value on 
10 the basis of said detected rotor position and deciding a reference current variation which is a standard for 

current changes, a first phase current detection unit for detecting a current variation for said detection voltage, 
and a position detection un it (1 3) for detecting said rotor position of said AC motor on the basis of said reference 
current variation and said current variation. 

15 18. A motor controller comprising an AC motor (1 ), a power converter for applying a voltage to said AC motor by a 
PWM signal generated by comparing a command value with a carrier, and a controller for detecting a rotorposition 
of said AC motor and controlling said command value, wherein: 

said controller has a phase current detection unit for delecting a current variation for said command value and 
20 a position detection unit (13) for detecting said rotor position of said AC motor on the basis of a one-phase 

current variation. 
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FIG. 14 
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FIG. 17 
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FIG. 21 



( MODE DECISION UNIT ) 

E V 



144 



< 
< 



MOTOR SPEED INPUT a 



I CO | <0)1? 

WO 

I co | <C01? 



> 



NO 



c 



,14 



MODE M0=1 
1 




MODE 


MD=2 


^145 


MODE MD=3 






>» 

> 


< 




. I 



RETURN 



34 



EP 1 280 266 A2 



FIG. 22 



d-AXIS 
VOLTAGE Vd 



q-AXIS 
VOLTAGE Vq 
> 



27 



Vco=>/Vd2+VqJ 



<5=tair' (Vq/Vd) 



INFERRED 
ROTOR 

POSITION 6c 



P1/P2 



MODE MD 



A8S0LUTE VALUE OF VOLTAGE Vco 



VOLTAGE 
PHASE 

eve 



P^HASE 



UNIT VOLTAGE 



31 



TABLE 



FIG 23 (a) 



FIG 23(f) 



32 



vv 



vs 



9v 



MULTIP- 
LICATION 

X 



VcO 



UNIT VOLTAGE 
TABLE 



,33 



FIG 24 (a) 



FIG 24 (f) 



34 



vv 



vs 



0v 



MULTIP- 
LICATION 

X 

VcO 



UNIT VOLT 
TABLE 
— > 



FIG 14(a) 



DETECTION 
VOLTAGE 



Vsl (CONSTANT) 



36 



VV 



vs 



MULTIP- 
LICATION 

x 

VcO 



37 



vwr 

AvsO 
— >- 

9v 



C3 



"5 *o— 



VS 



0v 



35 



EP 1 280 266 A2 



FIG. 23 
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FIG. 24 
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